Studies of electron migration in DNA in aqueous solution using intercalating dyes.
The reactions of the hydrated electron (e-aq) and of the hydroxyl radical (OH) with double-stranded DNA in aqueous solution at room temperature have been studied through the use of the intercalating dyes, proflavine and ethidium. These dyes react with e-aq with rate constants of (2.5 +/- 0.2) - 10(10) M-1 - s-1 and (3.0 +/- 0.3) - 10(10) M-1 - s-1, respectively; the rate constant for the reaction of OH with proflavine is (1.0 +/- 0.2) - 10(10) M-1 - s-1. When these molecules are bound within the DNA structure both the yields and the rate constants of reaction with e-aq are reduced in a manner entirely consistent with a simple competition between the DNA bases and restricted dye molecules reacting with a bimolecular rate constant of about 2 - 10(9) M-1 - s-1. No evidence of free electron migration in the DNA was obtained, and an upper limit of five base pairs for the range of such migration was derived. Reactions of the hydroxyl radical with DNA-bound proflavine also lead to a rate constant of about 2 - 10(9) M-1 - s-1. These rate constants are in good agreement with rate predictions (per base unit) for a diffusion-controlled reaction with the DNA structure.